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ABSTRACT OF THE DISCLOSURE 
Control apparatus for a compression-type tube and bar 

bending machine. The control apparatus is adjusted in 
accordance with a program including distance to the bend, 
depth of the bend, and angular position of the bend. An 
indexing disc member is mounted on the end of the elon 
gated object to be bent. The machine has a Supporting bar 
to support the elongated object while it is fed manually 
between a movable main die and cooperating Swingable 
opposing dies, with the indexing disc member held at Se 
lected locations along the supporting bar. The Supporting 
bar has a linear distance scale with a series of push button 
control switches mounted adjustably along the scale. A 
jack board is provided, with horizontal and vertical roWs 
of jacks to setup control circuits, including the Switches, 
for respective double-wound latching relays which control 
the energization of a valve-control relay associated with 
the movable main die control valve. The double-wound 
relays become unlatched and de-energize the valve-control 
relay when a brush coupled with one of the Swinging die 
members engages the stationary arcuate commutator. The 
release coils of the latching relays have energizing cir 
cuits including the brush and selected segments of the 
commutator, the segments being selected by means of the 
jack board and associated jumper cables. The double 
wound relays become unlatched and deenergize the valve 
controlled relays when the brush engages a commutator 
segment corresponding to a selected jumper cable connec 
tion on the jack board. This establishes the limiting posi 
tion of the swingable opposing dies. The periphery of the 
indexing disc member has pin sockets corresponding to 
the number of bends to be formed, spaced angularly in 
the same manner as the desired bends. The sockets are 
successively engaged with pins at the selected locations 
spaced along the supporting bar as the successive bends 
are made in the elongated object. 

actor:grassessionateermus 

This invention relates to apparatus for bending bars 
or tubes, and more particularly to control means for a 
tube or bar bending machine to automatically insure the 
exact relation of each bend to the others, the exact depth 
of each bend, and the exact distance of each bend from 
the other bends and from the end of the length of tubing 
or rod material in which the bends are made. 
A main object of the invention is to provide a novel and 

improved precision tube and bar bending control appa 
ratus which is relatively simple in construction, which 
may be easily installed on an existing tube or bar bend 
ing machine and which insures rapid and arcuate duplica 
tion of bent tubing and bars by the use of a pre-pro 
grammed gauge device and by an electrical control circuit 
cooperating with the pre-programmed gauge device. 
A further object of the invention is to provide an im 

proved control apparatus for a tube or bar bending ma 
chine for insuring exact reproducibility of bends in a 
length of tubing or bar material in accordance with a 
pre-programmed gauging set-up, the apparatus involving 
relatively inexpensive components, being reliable in oper 
ation, being easy to use, and being especially useful in 
the fabrication of products such as automotive tailpipes, 
eliminating the necessity of maintaining a large inventory 
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2 
of tailpipes for different models of motor vehicles, since 
any desired tailpipe may be rapidly and accurately fabri 
cated by employing a pre-programmed gauging set-up cor 
responding to the desired tailpipe. 
A still further object of the invention is to provide an 

improved control apparatus especially adapted for use 
with a tube or bar bending machine of the hydraulic 
type, the control apparatus enabling any desired series of 
bends to be formed in a straight piece of tubing or bar 
material in accordance with a predetermined program, 
the bent rods or tubes formed by the use of a specified 
program being exactly identical, and the bends produced 
being exactly as desired with respect to location, depth 
and angular position relative to the axis of the associated 
piece of tubing or rod material. 

Further objects and advantages of the invention will be 
come apparent from the following description and claims, 
and from the accompanying drawings, wherein: 
FIGURE 1 is a perspective view showing a bending ma 

chine equipped with an improved control apparatus con 
structed in accordance with the present invention and il 
lustrating the manner in which bends are formed in a 
piece of tubing. 
FIGURE 2 is an enlarged perspective view of the main 

operating portion of the bending machine of FIGURE 1 
and the adjacent parts of the control apparatus of the 
present invention, as employed in FIGURE 1. 
FIGURE 3 is an enlarged fragmentary rear perspective 

view of the main portion of the bending machine with 
the control apparatus installed thereon, as employed in 
FIGURE 1. 
FIGURE 4 is a fragmentary top plan view of the con 

trol apparatus of the present invention, as employed in 
FIGURES 1 to 3. 
FIGURE 5 is an enlarged vertical cross-sectional detail 

view taken substantially on the line 5-5 of FIGURE 4. 
FIGURE 6 is a fragmentary horizontai cross-sectional 

view taken substantially on the line 6-6 of FIGURE 5. 
FIGURE 7 is an enlarged transverse vertical cross 

sectional view taken substantially on line 7-7 of FIG 
URE 4. 
FIGURE 8 is a vertical cross-sectional view taken sub 

stantially on the line 8-8 of FIGURE 7, showing the in 
ternal construction of the programming disc member em 
ployed as a part of the control apparatus of the present 

wention. 
FIGURE 9 is a perspective view showing the compo 

nents of the programming disc assembly of FIGURE 8 in 
separated positions. 
FIGURE 10 is a horizontal plan view of the program 

ming disc assembly and parts adjacent thereto, said view 
being taken substantially on the line 10-10 of FIG 
URE 7. 
FIGURE 11 is an enlarged vertical cross-sectional 

view taken Substantially on the line 1-11 of FIG 
URE 10. 
FIGURE 12 is a plan view of a typical program card 

adapted to be employed with the control apparatus of 
the present invention for forming a specified automotive 
tailpipe. 
FIGURE 13 is a schematic diagram showing the elec 

trical and hydraulic circuits employed in a tube or bar 
bending machine, such as is illustrated in FIGURES 1, 
2 and 3, provided with the control apparatus of the 
present invention. 

Referring to the drawings, 11 generally designates a 
hydraulically-operated tube or rod bending machine of 
the type provided with a main hydraulic cylinder 2 hav 
ing a hydraulically-actuated piston whose piston rod 13 
carries the main arcuate bending die 14. The cylinder 12 
is mounted horizontally with its axis transverse to the 
machine, as shown in FIGURE 1. The main bending die 
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14 cooperates with a pair of opposing dies 5 and 16 
spaced on opposite sides of the axis of the stationary 
main cylinder 12, said opposing dies being rotatably 
mounted on vertical axes spaced symmetrically on oppo 
site sides of the transverse vertical plane containing the 
axis of cylinder 12. Thus, the dies 15 and 16 are mounted 
on respective bracket members 17 and 18 of right-angled 
shape having inwardly-projecting arms 19 which are 
pivoted on vertical Supports 20 for horizontal swinging 
movement outwardly, the degree of outward-swinging 
movement of the brackets 17 and 18 and their associated 
dies 15 and 16 being regulated by the extension of respec 
tive piston rods 2i and 22 associated with corresponding 
hydraulic cylinders 23 and 24 pivoted at 25 and 26 to 
the frame of the machine, the respective piston rods 21 
and 22 being connected to lugs 27 and 28 projecting 
outwardly from the bottom portions of the respective 
brackets 17 and 8. 
The machine 11 is provided with a Work-supporting 

frame 30 having a horizontal elongated, generally right 
angled top work-supporting bar 31 which is located to 
Support elongated objects, such as lengths of tubing or 
rods and to support these objects while they are being 
fed manually between the main die 14 and the cooperat 
ing Swingable opposing dies 5 and 16. Thus, as shown 
in FIGURE 1, the work-supporting frame 30 extends 
laterally from the main frame portion 32 of the machine, 
the cylinders 12, 23 and 24 being mounted on the main 
frame portion 32, along with the parts associated there 
with and the angle bar 31 being of substantial length so 
that it can be employed to support stock of considerable 
length. Also mounted on the main frame portion 32 of 
the machine are the hydraulic pump 33 which is driven 
by a motor 34, a hydraulic sump reservoir 35, and various 
asSociated hydraulic and electrical control elements, 
presently to be described. 
The portion of the machine mounted on the frame 32 

is Substantially similar to a conventional tube bending 
machine, such as the "Huth Tube Bender, manufac. 
tured by Huth Manufacturing, Incorporated, 1048 North 
Lake Street, Burbank, Calif. This machine is of the 
manually-controlled type and normally includes a manu 
ally-operated control valve 36. In the normal posi 
tion of the control valve, the valve connects a conduit 37 
to another conduit 38, the conduit 38 leading to the sump 
reservoir 35. Also connected to the valve are additional 
conduits 39 and 40 which form part of the hydraulic cir 
cuit of the original machine, when it is operated by means 
of the manual control valve 36, but which have no func 
tion when the machine is operated by the improved con 
trol means of the present invention, presently to be 
described. Thus, valve 36 seals off the ends of conduits 39 
and 40 in its normal position, and merely serves to estab 
lish communication between the conduits 37 and 38. 

In accordance with the present invention, the machine 
is control by an electromagnetically-operated valve 41 
of the three-position type, having the respective forward 
and reverse-operating coils 42 and 43 and being provided 
With biasing spring means which normally maintains the 
valve in the closed position thereof shown in FIGURE 
13. When the "forward” coil 42 is energized, the valve 
41 operates to establish communication between a first 
pair of conduits 44 and 45 connected thereto and between 
the Second pair of conduits 37 and 46 also connected 
thereto. Conduit 44 is connected through a check valve 
47 to the outlet of pump 33. Conduit 45 is connected by 
a conduit 48 to the rear portion of cylinder 12. There 
fore, energization of the “forward” coil 42 causes fluid 
under output pump pressure to be delivered to the rear 
portion cf the main bending cylinder 12, thereby urging 
piston rod 13 outwardly and causing outward bending 
pressure to be applied by the main bending die 14. At 
the same time, conduit 45 is connected to the return con 
duit 37, leading through the passages in the valve 36 to 
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A. 
46 is connected by a conduit 49 to the forward portion of 
main cylinder 12, whereby fluid is allowed to exhaust 
from said forward portion as piston rod 3 is extended. 
The rear portions of the cylinders 23 and 24 are con 
nected by respective conduits 50 and 5 through an adjust 
able-restriction valve 52 to the conduit 46, so that fluid 
behind the pistons in the cylinders 23 and 24 can dis 
charge back to the sump reservoir 35 at a restricted rate. 
Under these conditions, determined by the adjustment of 
the valve 52, thereby providing an adjusted amount of 
resistance to inward movement of the piston rods 2 and 
22 in their respective cylinders, and thereby regulating 
the rate of outward rotary movement of the dies 15 and 
16 caused by their reaction to the force applied by the 
main bending die 4. Thus, the adjustable-restriction 
valve 52 acts as a retarding means to slow down the in 
ward movement of the piston rods 2; and 22 under 
the force transmitted thereto by the dies 5 and 6 as 
the main die 4 is forced cutwardly against the tubing 
or rod element being bent. 
The forward ends of the cylinders 23 and 24 are con 

nected by a conduit 53 to the Sump reservoir 35. 
When the “reverse' coil 43 of the electromagnetic valve 

41 is energized, the valve operates to connect conduit 44 
to conduit 46 and to connect condit 45 to conduit 37. 
With conduit 44 connected to conduit 46, the output 
fluid under pressure from pump 33 is delivered through 
the conduit 49 to the forward nortion of main cylinder 
12, causing its piston rod 13 to be retracted. Fluid from 
the rear portion of the main cylinder 22 is allowed to 
exhaust to the sump reservoir through the conduits 48, 
45, valve 41, conduit 37, valve 36 and conduit 38. At 
the same time, fluid under pressure is delivered through 
valve 52 to the conduits 5 and 5G, and thus, to the rear 
portions of cylinders 23 and 24, extending the piston rods 
2 and 22, and returning the die members 5 and 6 to 
their normal positions, namely, to positors adjacent to 
each other, as shown in FIGURE 1. 

Summarizing, energization of "forward' coil 42 places 
pressure fluid in conduit 45, producing extension of main 
die 14, whereas energization of the "reverse' coil 43 
places fluid under pressure in the conduits 49, 58 and 
5, retracting die 14 and returning shoes 15 and 16 to 
their starting positions. 
The outlet of pump 33 is connected by a by-pass con 

duit 54 containing a relief valve 55 to the sump reservoir 
35. This allows the high-pressure fluid in the cutlet cham 
ber of pump 33 to be by-passed back to the Sump 
reservoir 35 when the valve 4i is in its closed position. 
The top edge of the work-supporting bar 3 is pro 

vided with a linear distance scale 55, and adjustably 
mounted on the top edge for adjustment along the scale 
55 are a plurality of inverted U-shaped brackets 55, each 
bracket having a push-button switch 57 mounted thereon. 
The outer legs of the brackets are provided with clamping 
screws 58 which are engageable with the outer surface of 
the vertical flange of bar 31 beneath the longitudinal 
scale bar 55, as shown in FiGURE 7, to clamp the 
associated brackets in adjusted positions. 
Mounted on the control frame 30 is a housing 59 hav 

ing the front panel 60 on which are mounted the horizon 
tal and vertical rows of jacks 61 which are sequentially 
numbered, for example, being arranged in horizontal rows 
containing twelve jacks and comprising seven Such hori 
Zontal rows, as illustrated, merely by way of example. Each 
jack is identified by a specific number, the numbers being 
arranged in sequence. A further horizontal row of jacks 62 
is provided on the panel 69, spaced below the above-men 
tioned rows of jacks 61, the respective jacks 62 being each 
connected to one of a subjacent row of additional jacks 
63 mounted on panel 69. One terminal of each switch 57 
is connected to a common wire 64, as shown in FIGURE 
13, and the remaining terminal of each switch 57 is con 
nected by a "wire 65 to an associated double-wound relay 

conduit 38 and thence to the Sump reservoir 35. Conduit 75 66. Thus, each relay 66 has the upper and lower windings 
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67 and 68, the associated wire 65 being connected to one 
terminal of the lower winding 68. The inner terminals of 
the windings 67 and 68 are connected together, as shown 
at 69 and are connected by a wire 70 to another common 
wire 71. The remaining terminal of each upper winding 67 
is connected by a cable 72 and its plug 73 with one of the 
jacks 63. 

Mounted in the main frame 32 beneath and coaxially 
with the pivot support 20 for the shoe bracket 7 is a sta 
tionary, substantially semicircular commutator assembly 
75, each of whose segments is connected by a wire 76 to 
one of the jacks 61, so that each of the jacks 61 corre 
sponds to a specific angular position of rotation of the 
shoe bracket 17. The commutator 75 is provided with the 
inner semicircular stationary contact ring 77, concentric 
with the commutator segments, as shown in FIGURE 13, 
the wire 64 being connected to Said contact ring 77. Se 
cured to the underside of the shoe bracket 7 and extend 
ing radially over ring 77 and the commutator Segments, as 
shown at 78, is a block of insulation 79 to the bottom of 
which is secured a conductive plate member 80 formed at 
its opposite ends with respective depending vertical brush 
housings 81 and 32, as shown in FIGURE 5. The brush 
housing 81 overlies the ring 77 and contains a depending 
contact brush 83 which is urged into conductive engage 
ment with the ring 77 by a coiled spring 84 bearing be 
tween the top end of the brush 83 and an insulating disc 
85 provided thereabove in the counterbore which receives 
the head of one of the fastening bolts 87 for block 79, as 
shown in FIGURE 5. The opposite depending brush hous 
ing 82 contains a brush element 88 whose lower end slid 
ably engages on the commutator segments 78 and is urged 
thereagainst by a spiral spring 89 having its inner end 
secured to a vertical flange 96 depending from plate men 
ber 80 and having its free outer end engaged on the top 
surface of the brush member 88, as is clearly shown in 
FIGURE 5. Thus, the ring 77 is electrically-connected to 
the commutator segments 78 engaged by brush 88. 
The jacks 62 are selectively connected to the jacks 61 

by jumper cables 92 provided at their opposite ends with 
suitable plugs 93 and 94 engageable, respectively, in the 
jacks 62 and 6. Thus, the top terminal of each upper 
relay coil 67 may be connected to a selected commutator 
segment 78 and will, therefore, be connected to wire 64 
when brush 88 engages said commutator segment. 

Designated at 95 is a transformer having its primary 
winding 96 connected across respective line wires 97 and 
98 of a three-phase supply system. The transformer 95 is 
provided with the secondary winding 99, one of whose 
terminals is connected to the wire 64, and the other of 
whose terminals is connected through a rectifier 100 to the 
wire 71. Therefore, each upper winding 67 will become 
energized when brush 88 engages the commutator segment 
78 to which it has been connected by the selection of the 
appropriate jack 6 for the reception of its associated 
jumper cable plug 94. As will be presently explained, this 
establishes the limiting position of outward rotation of the 
shoe bracket 17, and since the shoe brackets 17 and 18 
are symmetrically related, this limits the outward rotation 
of both shoe brackets. 
The remaining three-phase supply line 102 is connected 

through a control switch 18 to a wire 103 which is, in 
turn, connected to the common inner terminals of the "for 
ward' and "reverse' solenoid valve windings 42 and 43, 
as shown in FIGURE 13. As shown in FIGURE 1, the 
control switch 101 may be foot-operated. Designated at 
184 is a two-pole relay having the operating winding 105 
and the respective poles 106 and 07. When the winding 
105 is de-energized, the upper pole 106 engages and bridges 
a pair of contacts 08 and 199, being disengaged there 
from when winding 65 becomes energized. When said 
winding 105 becomes energized, the lower pole 107 en 
gages a pair of contacts 10 and 111. 
The contacts 108 and 110 are connected to the line wire 

98. The contact 111 is connected by a wire 12 to the 
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6 
remaining terminal of the "forward' valve winding 42. The 
contact 109 is connected through a limit switch 114 to the 
remaining terminal of the “reverse' valve winding 43. The 
limit switch 14 is of the normally-closed type, but is held 
open by the movable element of valve 41 when it returns 
to its closed position following the energization of the 
"reverse' winding 43. Thus, switch 14 closes as soon as 
the movable element of valve 4 has been moved from its 
normal closed position, for example, by the energization 
of the "forward' winding 42. 

Each of the double-wound relays 65 is provided with a 
pole 1:5 which is engageable with a stationary contact 
256 responsive to the energization of the lower winding 
68, being latched down by a permanent magnet 17, which 
holds the pole S15 in engagement with the contact 6 
until the upper winding 67 becomes energized, whereby the 
force of the holding magnet 7 is overcome, allowing 
pole i5 to disengage from contact i5 under the action 
of conventional spring-biasing means. Thus, each relay 66 
is provided with Such conventional spring-biasing means 
holding its pole i5 in open position. When the lower wind 
ing 68 becomes energized, the force of the biasing means 
is overcome, causing the pole i5 to be lowered into en 
gagement with its associated contact E6, whereupon such 
engagement will be maintained by the action of the per 
manent magnet 7 after the lower winding 68 becomes 
de-energized. This will continue until the upper winding 
67 becomes energized, at which time the pole 115 will 
disengage from its contact 116. 
The respective relay poles 25 are connected to a com 

mon wire 528 which is, in turn, connected to the lower 
terminal of the winding 65 of relay 04, the upper ter 
minal thereof being connected to the line wire 98, as 
shown. Each of the relay contacts 15 is connected to 
the line wire 97. Thus, when any of the lower windings 
68 of the double-wound relays 66 becomes energized, its 
contacts 15, 116 close and establish an energizing cir 
cuit for the winding 65 of relay 104 comprising line 
wire 93, winding 195, wire 18, the contacts 115, 16, 
and the line wire 97. Energization of relay 104 causes 
pole 87 to bridge contacts 10 and 1, energizing the 
"forward' valve coil 42, through a circuit which includes 
the Switch 20, assumed to be closed, as follows: Wire 
102, switch 191, wire 483, "forward' coil 42, wire 12, 
relay contacts Si, 327, 10, and line wire 93. This causes 
operation of the beading machine by causing piston rod 
i3 to become extended in the manner above-described 
which produces a reaction on the piston rods 2 and 22 
and the pivoted shoe brackets 17 and 8 tending to swing 
the brackets outwardly, thus moving brush 88 along the 
connmutator 75 until said brush engages a commutator 
segment connected to the upper coil 67 of the initially 
energized double-wound relay 66. This causes the pole 
i5 of said double-wound relay to disengage from its 
contact 16, opening the circuit of the relay winding 
i05 so that pole 107 disengages from the stationary con 
tacts 10 and 1:1 and the upper contact member 106 
re-engages with the stationary contacts (28 and 99. 
Since the limit switch 14 is closed, this energizes the 
“reverse' Solenoid coil 43 by a circuit comprising line 
wire 93, contacts 28, 165, 3, switch 14, winding 43 
and line wire 103. Energization of coil 43 reverses valve 
41, causing piston rod 3 to be retracted in the manner 
above-described, and returning the piston rods 2 and 
22 to their original positions, also restoring the die mem 
bers 5 and 6 to their initial positions, namely, adjacent 
to each other, as shown in FIGURE 1. When the mov. 
able member of valve 4 returns to its starting position, 
the limit switch 14 opens, de-energizing the "reverse' 
coil 43, restoring the parts to their original conditions. 
As will be readily understood, energization of any of 

the lower windings 68 can be accomplished by actuating 
the associated push-button switch 57, since this connects 
the winding 68 across wires 7 and 64. The associated 

75 release winding 67 becomes energized in the manner 
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above-described, namely, when the brush 33 reaches the 
commutator segment connected to the selected bend 
angle-determining jack 61. 
As shown in FGURE 2, the jacks 6 are numbered 

in sequence, corresponding to the sequence of the Com 
mutator segments 73 so that each jack represents a spe 
cific bend angle. 

esignated generally at 20 is an indexing disc as 
sembly which is attached to the end of a length of tubing 
121 to be formed with a series of bends. The indexing 
assembly 20 is employed for the purpose of properly 
positioning the length of tubing 121 longitudinally along 
the angle bar 33, as well as indexing the length of tubing 
angularly around its longitudinal axis while the required 
bends are formed in the tubing. The assenbly 120 con 
prises the circular main disc member 122 formed with 
a central aperture 123 and provided on opposite sides 
thereof with annual reinforcing washers 324 and 125 
secured to the opposite surfaces of the disc .22 concen 
trically therewith by transverse pins 26. An axial camp 
ing boit 127 extends through the central apertures of the 
washers 125 and 24 and through the central aperture 
3.23 of disc meber 122, extending axially through an ex 
pansion sleeve assembly 128. The expansion sleeve as 
sembly 23 comprises a plurality of segments 29 yield 
ably held together by a pair of retaining springs 136, 
130 surrounding the segments and being received in an 
nular grooves 131 provided therein adjacent the opposite 
ends of the assembly, as is clearly shown in FIGURE 
8. The cooperating segments 129 are of identical con 
struction and when held together, have a substantially 
cylindrical external contour and are formed to define 
a substantially frusto-conical, forwardly-flaring interior 
recess 132 in which is received a frusto-conical plug 
member 33 through which the bolt 27 is threadedly 
engaged, as shown in FIGURE 8. 
One of the segments 29 is provided with an inwardly 

projecting lug 135 which is received in a longitudinal 
keyway 136 formed in the exterior peripheral portion 
of plug 133 so as to hold the plug against rotation in 
the sleeve assembly 128 when bolt 127 is rotated. The 
split wedging sleeve assembly 128 is adapted to be in 
serted inside the end of the length of tubing 12 to be 
bent, in the manner illustrated in FIGURE 8, and to 
be clampingly held therein by tightening the bolts 27, 
which draws the frusto-conical plug 133 into the recess 
132, exerting a wedging action on the segments 29 
which are, therefore, expanded outwardly and which thus 
clampingly engage the inside surface of the end of the 
length of tubing 21. This firmly secures the indexing 
disc assembly 28 to the end of the length of tubing, 
holding the circular main disc member 22 rigidly rela 
tive to the length of tubing so that the disc member 22 
may be employed to turn the length of tubing as required 
to form bends of specified orientation on said length of 
tubing in a manner presently to be described. 
The periphery of the disc member 122 is provided with 

the spaced pin-receiving sockets 38, in accordance with 
the number of bends to be formed in the length of tubing 
12 with which the disc member 122 is associated, and 
spaced angularly around its axis in the same manner as 
the desired bends. Thus, for example, in the assembly 
shown in FIGURE 9, the disc member 22 is provided 
with six angularly-spaced pin-receiving socket elements 
138 which correspond to the angular position of a series 
of specified bends to be formed in a length of tubing 
22 and which are numbered to correspond to the re 

quired sequence of said bends. As will be readily appar 
ent, the disc member 22 serves as a pattern for forming 
bends in a particular tailpipe or exhaust pipe for a par 
ticular model of automobile, making it possible to ac 
curately duplicate the pipes, as will be presently de 
scribed, and serving to eliminate the necessity for main 
taining a stock of tailpipes for each of the various rhodels 
of automobiles. 
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The inner vertical arms of the respective bracket mem 

bers 55 are formed with inwardly-projecting pins 248 
receivable in the sockets 33 and cooperating there with 
to maintain the disc member 22 at specified angular posi 
tions while the bends are being made in the associated 
length of tubing 121. Therefore, after the first bend has 
been made, each of the subsequent bends will be accu 
rately located angularly around the axis of the length 
of tubing by engaging the pins 40 in the respective 
sockets 33 in their required sequence as the successive 
bends are made in the length of tubing. 
As above-explained, the switch assemblies 57 are posi 

tioned along the linear unit Scale 55 and clamped in loca 
tions corresponding to the locations of the successive 
bends to be formed in a length of tubing A21. In forming 
the first bend, the disc member 22, secured to the end 
of the initially straight length of tubing 21 in the manner 
above-described, is placed adjacent the first switch assem 
bly 57 with the length of tubing extending between the 
main bending die E4 and the cooperating auxiliary die 
elements É5, 6, the disc 22 being rotated to engage the 
pin 149 of the first switch assembly 57 in the socket ele 
ment 1:38 numbered '1' on the disc member. The first 
bend is then made by first pressing the push button-oper 
ating element of the first switch 57, which energizes relay 
564, causing pole 207 to bridge contacts 10, 1:1. The 
operator then actuates the foot-operated Switch 92, caus 
ing the "forward' valve coil 42 to be energized, producing 
the required first bend, in the manner above-described, the 
free end of the pipe carrying the disc member 22 being 
free to defect as the bending action takes place. As shown 
in FIGURE 1, the operator may hold the length of tubing 
i2i to Support saine adjacent the indexing disc assembly 
26 while the dies 4, 5 and 16 cooperate to form the 
required bend. Said bend is made automatically, by the 
action of the elements above-described, namely, by the 
cooperation of the moving brush 88 with the commutator 
75 and in accordance with the jack 61 selected for the 
first bend. After the required bend has been made, the 
length of tubing 12; is automatically released, by the 
energization of the "reverse' coil 43 in the manner above 
described, said coil finally becoming de-energized by the 
opening of limit switch 114. The length of tubing 22 is 
then pushed forward between the main die 14 and the 
cooperating pair of dies 5, 16 to place the disc member 
i22 adjacent the second switch 57, the disc member being 
rotated to engage the pin 40 of the second switch assem 
by 57 in the socket element 38 numbered '2' on the 
disc member 122. This establishes the required orientation 
for the second bend around the axis of the length of tub 
ing 121. The push button of the second switch 57 is then 
actuated to energize the relay 04, and the foot-operated 
Switch Gil is then actuated momentarily to bring the 
main clamping die S14 outwardly a sufficient distance to 
clamp the length of tubing 21. Thereafter, the operator 
grasps the length of tubing 125 near the indexing assem 
bly E20, in the manner as shown in FIGURE 1, to support 
the tubing, and then re-closes the switch 181 to complete 
the required bend, with the tubing being allowed to deflect 
away from angle bar 31, as illustrated in FIGURE 1. 

This process is repeated, pushing the length of tubing 
125 forwardly between the cooperating die elements i4, 
5 and 6 successively from one switch assembly 57 to 

the next, until all the required bends have been made in 
the tubing. 
FIGURE 12 illustrates a typical information card 45 

which may be used to specify the requirements of a par 
ticular tailpipe or other bent elongated member formed 
by the apparatus of the present invention. The information 
card 45 may provide the necessary data for selecting the 
required straight piece of stock, for example, may give the 
pipe diameter and its length, may give the required num 
ber of bends as “number of stops', may give the location 
of disc 22 along scale 55 as "stop lengths”, may give 
the angular position of the length of pipe at each bend in 
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"degrees', may specify the lengths of the shoe members 
15, 16 by the designation “block', and may specify the 
radius of the main die 14. Thus, a first row of data 146 
on the card gives the number of stops, a second row of 
data 147 gives the stop lengths, a third row of data 148 
gives the angular orientation in degrees around the axis 
of the tubing at each of the bends, a fourth row of data 
149 gives the length of the shoes 5, 16, and the fifth row 
of data 150 gives the radius of the main die 14. In the 
typical information card i45 shown in FIGURE 12 there 
are six stops or bends, the same shoe members 5, 16 are 
employed for all the bends, and the same main die 14 
is likewise employed for all the bends. The information 
card 145 also gives the necessary information to form the 
pattern or indexing disc 122 for the associated tailpipe 
or other elongated member to be bent, since it gives the 
angular spacings in line 148 which must be employed be 
tween the socket elements 38 in the periphery of the 
disc, or at least gives the numerical data from which such 
angular spacings can be calculated. As will be readily 
apparent, by maintaining a suitable file of cards 145, each 
card being associated with a particular tailpipe, and being 
associated with a known model of motor vehicle using 
said tailpipe, it is possible to fabricate suitable indexing 
disc members 122 for the respective models and to use 
the proper disc in forming any required tailpipe by em 
ploying the rest of the data provided on the associated 
information card 145. As above-mentioned, this makes 
it possible to avoid the necessity of maintaining an inven 
tory of tailpipes for all the different motor vehicles, in 
order to fill orders for same. It is merely necessary to 
maintain a supply of straight lengths of tubing from 
which the desired tailpipes can be fabricated, employing 
the machine and control apparatus of the present inven 
tion and using the data from the file cards 45 and the 
indexing discs 22 associated with the respective tailpipe 
models. 

It will also be further apparent that since the fabrication 
of the tailpipes are based on the use of specific patterns 
or indexing disc elements 122, along with specific set-ups 
of the successive switch assemblies 57, as given by the 
associated information card 145, there will be a maximum 
degree of reproducibility of the tailpipes, since each tail 
pipe made by the use of a particular indexing disc 22 
and from the information provided on a specific card 145 
will be made in exactly the same manner and to the same 
specifications. 

It will be noted that in line 48 of the information card 
145 the numbers appearing in the respective columns are 
the numbers of respective jacks 61 on the panel 60, indi 
cating where the plugs 94 associated with the respective 
control switch assemblies 57 must be engaged to provide 
the required angles of bend. The numbers in line 148 of 
card 145 thus do not necessarily indicate the number of 
degrees in the bend angles, but merely serve as means to 
identify the jack 61 to be selected for each respective bend 
ing position. 
As shown in FIGURE 7, a longitudinally-extending 

wear strip 160 is secured on the rear margin of the hori 
zontal flange of angle bar 31 to serve as a flat bearing 
surface on which the indexing disc 122 is engaged when 
a selected socket element 138 thereof is engaged with 
the appropriate indexing pin or lug 40. 

While a specific embodiment of an automatic tube and 
bar bending machine has been disclosed in the foregoing 
description, it will be understood that various modifica 
tions within the spirit of the invention may occur to those 
skilled in the art. Therefore, it is intended that no limita 
tions be placed on the invention except as defined by the 
scope of the appended claims. 
What is claimed is: 
1. In an apparatus for bending elongated objects, a 

work support, a fluid pressure-operated main die provided 
with an operating cylinder mounted transverse to said 
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work support, a pair of opposing dies rotatably-mounted 75 

O 
opposite said main die and being mounted for rotation on 
parallel axes arranged on opposite sides of the main die, 
said opposing dies spreading apart and rotating outwardly 
from said main die responsive to bending force applied 
by said main die to an object disposed between the main 
die and said opposing dies, a source of pressure fluid, con 
duit means to connect said source to said operating cylin 
der to initiate a bending stroke of said main die, a brush 
element carried by one of said opposing dies, a stationary 
commutator having arcuately-arranged segmented engage 
able by said brush element as said one of the opposing 
dies rotates outwardly, electrically-actuated reversing 
means operatively-connected to said operating cylinder, 
and an energizing circuit connected to said reversing 
means and including said brush element and a selected 
commutator segment, said selected segment correspond 
ing to a predetermined angle of separation of Said op 
posing dies. 

2. In combination with the apparatus of claim 1, a cir 
cular indexing member engageable on the work support, 
and means to detachably secure said indexing member 
coaxially to an elongated object received between the 
main die and the opposing dies to position the object rela 
tive to the work support for a bend. 

3. In an apparatus for bending elongated objects, a 
work support, a fluid pressure-operated main die provided 
with an operating cylinder mounted transverse to said 
work support, a pair of opposing dies rotatably-mounted 
opposite said main die and being mounted for rotation 
on parallel axes arranged on opposite sides of the main 
die, said opposing dies spreading apart and rotating out 
wardly from said main die responsive to bending force 
applied by said main die to an object disposed between 
the main die and said opposing dies, a source of pressure 
fluid, conduit means including a control valve connect 
ing said source to said operating cylinder, means to open 
said control valve to initiate a bending stroke of said 
main die, electrically-actuated closing means operatively 
connected to said control valve, a brush element carried 
by one of said opposing dies, a commutator having 
arcuately-arranged segments engageable by said brush ele 
ment as said one of the opposing dies rotates outwardly, 
and an energizing circuit connected to said closing means 
and including said brush element and a selected com 
mutator segment, said selected segment corresponding to 
a predetermined angle of separation of said opposing dies, 
whereby to terminate the bending stroke responsive to 
the outward rotation of said opposing dies to said pre 
determined angle of separation. 

4. In an apparatus for bending elongated objects, a 
work support, a fluid pressure-operated main die provided 
with an operating cylinder mounted transverse to said 
work Support, a pair of opposing dies rotatably-mounted 
opposite said main die and being mounted for rotation 
on parallel axes arranged on opposite sides of the main 
die, said opposing dies spreading apart and rotating out 
wardly from said main die responsive to bending force 
applied by said main die to an object disposed between the 
main die and said opposing dies, a source of pressure 
fluid, conduit means including an elecetromagnetic re 
versible control valve connecting said source to said 
operating cylinder, said control valve having a forward 
winding and a reverse winding, means connecting said 
source to said operating cylinder in a manner to extend 
said main die for a bending stroke responsive to the en 
ergization of said forward winding, means to connect said 
source to the operating cylinder in a manner to retract the 
main die responsive to the energization of the reverse 
winding, a double-wound latching relay having a latching 
winding and a release winding, means to at times energize 
said latching winding, means to energize said forward 
winding to initiate and maintain a bending stroke respon 
sive to the energization of said latching winding, a brush 
element carried by one of the opposing dies, a stationary 
commutator having spaced segments located concentri 
cally with the path of rotation of said brush element and 
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being successively engaged by the brush element as said 
one of the opposing dies rotates outwardly, an energizing 
circuit including said brush element, a source of current 
and said release winding, means to selectively connect 
said energizing circuit to said commutator segments, 
whereby to energize the release winding, release the latch 
ing relay and de-energize said forward winding when the 
brush element engages a Selected Segment, at a corre 
sponding predetermined angle of Separation of Said op 
posing dies, and means to energize said reverse winding 
substantially simultaneously with said de-energization of 
the forward winding, whereby to retract said main die. 

5. In an apparatus for bending elongated objects, a 
work support, a fluid pressure-operated main die pro 
vided with an operating cylinder mounted transverse to 
said work support, a pair of opposing dies rotatably 
mounted opposite said main die and being mounted for 
rotation on parallel axes arranged on opposite sides of 
said main die, said opposing dies spreading apart and ro 
tating outwardly from said main die responsive to bend 
ing force applied by said main die to an object disposed 
between the main die and said opposing dies, a Source 
of pressure fluid, conduit means including an electro 
magnetic reversible control valve connecting Said source 
to said operating cylinder, said control valve having a 
forward winding and a reverse winding, means connect 
ing said source to said operating cylinder in a manner to 
extend said main die after a bending stroke responsive 
to the energization of said forward winding, means to 
connect said source to the operating cylinder in a manner 
to retract the main die responsive to the energization 
of the reverse winding, a double-wound latching relay 
having a latching winding and a release winding, means 
to at times energize said latching winding, means to en 
ergize said forward winding to initiate and maintain a 
bending stroke responsive to the energization of said 
latching winding, a brush element carried by one of the 
opposing dies, a stationary commutator having spaced 
segments located concentrically with the path of rotation 
of said brush element and being successively engaged by 
the brush element as said one of the opposing dies ro 
tates outwardly, an energizing circuit including said brush 
element, a source of current and said release winding, 
means to selectively connect said energizing circuit to said 
commutator segments, whereby to energize the release 
winding, release the latching relay and de-energize said 
forward winding when the brush element engages a se 
lected segment, at a corresponding predetermined angle 
of separation of said opposing dies, and means to ener 
gize said reverse winding responsive to the release of the 
latching relay, whereby to retract said main die. 

6. In an apparatus for bending elongated objects, a 
work support, a fluid pressure-operated main die pro 
vided with an operating cylinder mounted transverse to 
said work support, a pair of opposing dies rotatably 
mounted opposite said main die and being mounted for 
rotation on parallel axes arranged on opposite sides of 
said main die, said opposing dies spreading apart and ro 
tating outwardly from said main die responsive to bend 
ing force applied by said main die to an object disposed 
between the main die and said opposing dies, a Source 
of pressure fluid, conduit means including an electro 
magnetic reversible control valve connecting said source 
to said operating cylinder, said control valve having a 
forward winding and a reverse winding, means connect 
ing said source to said operating cylinder in a manner 
to extend said main die for a bending stroke responsive 
to the energization of said forward winding, means to 
connect said source to the operating cylinder in a man 
ner to retract the main die responsive to the energization 
of the reverse winding, a latching relay having a latching 
winding and a release winding, means to energize Said 
forward winding to initiate a bending stroke responsive 
to the energization of the latching winding of Said latch 
ing relay, means to energize said latching winding, a first 
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contact element carried by one of the opposing dies 
and moving therewith, a plurality of stationary arcuately 
arranged contact elements mounted in the path of move 
ment of the first contact element and being spaced from 
each other and normally spaced from said first contact 
element, means to energize said release winding of said 
latching relay responsive to the engagement of said first 
contact element with a selected one of said stationary 
contact elements, whereby to de-energize the forward 
winding, and means to energize said reverse winding re 
sponsive to the release of the latching relay, whereby to 
retract said main die. 

7. In an apparatus for bending elongated objects, an 
elongated work Support, a fluid pressure-operated main 
die provided with an operating cylinder mounted trans 
verse to said work Support, a pair of opposing dies ro 
tatably-mounted opposite said main die and being mount 
ed for rotation on parallel axes spaced on opposite sides 
of the main die, said opposing dies spreading apart and 
rotating outwardly from said main die responsive to 
bending force applied by said main die to an elongated 
object on the work support disposed between the main 
die and said opposing dies, a source of pressure fluid, 
conduit means including an electromagnetic reversible 
control valve connecting said source to said operating 
cylinder, said control valve having a forward winding 
and a reverse winding, means connecting Said Source to 
said operating cylinder in a manner to extend said main 
die for a bending stroke responsive to the energization 
of said forward winding, means to connect said source 
to said operating cylinder in a manner to retract the 
main die responsive to the energization of the reverse 
winding, a plurality of latching relays each having a 
latching winding and a release winding, means to ener 
gize said forward winding to initiate a bending stroke 
responsive to the energization of the latching winding 
of any of said latching relays, a Source of current, re 
spective control switches spaced along said work Support 
and connected in circuit between said source of current 
and the latching windings of said latching relays for se 
lectively energizing the latching relays, means to ener 
gize the release winding and to thereby release each 
latching relay responsive to the outward rotation of said 
opposing dies to a respective predetermined angle of 
separation, and means to energize said reverse winding 
responsive to the release of a previously energized latch 
ing relay, whereby to retract said main die. 

8. The apparatus of claim 7, and means to releasably 
secure said control switches in selected positions along 
the work support. 

9. In combination with the apparatus of claim 7, a cir 
cular indexing member engageable on the work support, 
means to detachably secure said indexing member co 
axially to an elongated object received between the main 
die and the opposing dies, said indexing member being 
formed with spaced indexing recesses on its periphery, 
and projections on the respective control switches en 
gageable in said recesses to angularly-position the object 
for a bend at each of the locations of said switches along 
the work support. 

10. In an apparatus for bending elongated objects, an 
elongated work support, a fluid pressure-operated main 
die provided with an operating cylinder mounted trans 
verse to said work support, a pair of opposing dies rotat 
ably-mounted opposite said main die and being mounted 
for rotation on parallel axes spaced on opposite sides of 
the main die, said opposing dies spreading apart and ro 
tating outwardly from said main die responsive to bending 
force applied by said main die to an elongated object 
on the work support disposed between the main die and 
said opposing dies, a source of pressure fluid, conduit 
means including an electromagnetic reversible control 
valve connecting said source to said operating cylinder, 
said control valve having a forward winding and a reverse 
Winding, means connecting Said Source to said operating 
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cylinder in a manner to extend said main die for a bend 
ing stroke responsive to the energization of said forward 
winding, means to connect said source to said operating 
cylinder in a manner to retract the main die responsive 
to the energization of the reverse winding, a plurality of 
latching relays each having a latching winding and a re 
lease winding, means to energize said forward winding to 
initiate a bending stroke responsive to the energization 
of any of the latching windings of said latching relays, 
a source of current, respective control switches spaced 
along said work support and connected in circuit between 
said source of current and the latching windings of Said 
latching relays for selectively energizing the latching re 
lays, each latching relay having a release winding, means 
to energize each release winding responsive to the rotation 
of said opposing dies to a respective predetermined angle 
of separation, and means to energize said reverse winding 
responsive to the release of a previously energized latch 
ing relay, whereby to retract said main die. 

1. In an apparatus for bending elongated objects, an ; 
elongated work support, a fluid pressure-operated main 
die provided with an operating cylinder mounted trans 
verse to said work support, a pair of opposing dies rotat 
ably-mounted opposite said main die and being mounted 
for rotation on parallel axes spaced on opposite sides of , 
the main die, said opposing dies spreading apart and ro 
tating outwardly from said main die responsive to bend 
ing force applied by said main die to an elongated object 
on the work support disposed between the main die and 
said opposing dies, a source of pressure fluid, conduit : 
means including an electromagnetic reversible control 
valve connecting said source to Said operating cylinder, 
said control valve having a forward winding and a reverse 
winding, means connecting said source to said operating 
cylinder in a manner to extend said main die for a bend 
ing stroke responsive to the energization of Said forward 
winding, means to connect said source to said operating 
cylinder in a manner to retract the main die responsive 
to the energization of the reverse winding, a plurality of 
latching relays each having a latching winding and a re 
lease winding, means to energize said forward winding to 
initiate a bending stroke responsive to the energization of 
the latching windings of any of said latching relays, a 
source of current, respective control Switches Spaced 
along said work support and connect in circuit between 
said source of current and the latching windings of said 
latching relays for selectively energizing the latching re 
lays, a first contact element carried by one of the oppos 
ing dies and moving therewith, a plurality of arcuately 
arranged stationary contact elements mounted in the path 
of movement of the first contact element and being Spaced 
from each other and being normally spaced from said 
first contact element, means to energize each release Wind 
ing when the first contact element engages a respective 
one of the stationary contact elements, whereby to release 
the associated latching relay, and means to energize said 
reverse winding responsive to the release of a previously 
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4. 
energized latching relay, whereby to retract said main die. 

2. The bending apparatus of claim 1, and wherein 
said stationary contact elements comprise an arcuate con 
mutator concentric with the arc of movement of said one 
of the opposing dies, and wherein the means to energize 
the release windings includes means to selectively connect 
the release windings to the commutator segments. 

3. The bending apparatus of claim 11, wherein said 
stationary contact elements comprise an arcuate commu 
tator concentric with the arc of movement of said one 
of the opposing dies, and wherein the means to energize 
the release windings comprises an arcuate contact strip 
concentric with the commutator, means connecting said 
contact strip to the first contact element, means to selec 
tively connect the release windings to the commutator 
segments, and means connecting the source of current in 
circuit with said contact strip and release windings. 

14. An indexing assembly for positioning a hollow 
elongated object in a bending machine comprising a cir 
cular disc member formed with spaced peripheral recesses 
corresponding to respective orientations of the elongated 
object around its axis while it is being bent in the machine, 
an expansible sleeve element receivable in the end of the 
eiongated object, a tapered wedging member received in 
said sleeve element, and bolt means extending axially 
through said disc member and sleeve element and thread 
edly engaged with said wedging member for moving the 
wedging member into the sleeve element, whereby to eX 
pand the sleeve element. 

5. An indexing assembly for positioning a pipe in a 
bending machine comprising a circular disc member 
formed with spaced peripheral recesses corresponding to 
respective orientations of a pipe around its axis while it is 
being bent in the machine, an expansible sleeve receivable 
in a pipe and having a frusto-conical inwardly-tapering 
bore, a frusto-conical wedging member received in said 
bore, and a tightening bolt extending axially through said 
disc member and sleeve and threadedly engaged axially 
with said wedging member for moving the Wedging mem 
ber into the sleeve, whereby to expand the sleeve. 

A6. The indexing assembly of claim 55, and wherein said 
sieeve comprises a plurality of longitudinal Segments, 
yieldable retaining means surrounding said segments, and 
interengaging means on at least one of said longitudinal 
segments and said wedging member to hold the Wedging 
member against rotation relative to Said sleeve. 
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